. The photometric units were traditionally established using optical source based methods and utilizing the accepted International Commission on Illumination (CIE) defined response for ordinary human vision, the spectral luminous efficiency, V{X) [2] . This Technical Note will outline the new NIST methods of maintaining radiometric, photometric, and pyrometric units based upon the use of absolute detector systems and will advocate a shifting of methodology for these measurements that takes advantage of the new opportunities afforded by detector based measurements.
The radiometric and photometric units and quantities usually referenced in technical discussions are shown in Table 1 . The left side of the table identifies the radiometric quantity, the usual symbol utilized to describe it, and the corresponding units in the International System of units (SI) [3] . The right side describes the photometric units, their symbols and the SI units associated with them. In the table, the SI unit of the candela (cd) is replaced with the unit of the lumen (Im) using the defined relationship, cd = Im/sr. Representing the quantities in terms of the lumen, the photometric equivalent of the watt, instead of the candela lends symmetry to the table and a convenience for understanding the often confusing radiometric and photometric terms. The NIST maintenance of irradiance, radiance, and the photometric units has been discussed in a series of special publications available from NIST or the U.S. Government Printing Office [4, 5, 6] . In order to assess the importance of the NIST photometric and radiometric work in the technical community, Kostkowski reviewed the industrial and commercial impact of these activities and the Council for Optical Radiation Measurement (CORM) has produced detailed reports outlining industrial and technical requirements for the U.S. scientific community [7, 8] .
The NIST unit of radiation temperature is based upon the radiation output of blackbody sources and is described in detail in a NIST special publication [9] . In 1990 the Comite International des
Poids et Mesures (CIPM) decided that temperature measurement for temperatures above the freezing point of silver, T= 1234.93 K, were to be maintained using optical techniques [10] . This change results in the temperature unit for temperatures above the silver freezing point to depending upon similar optical measurement technology that used to define the radiometric and photometric [2, 34] . This function is shown as the curve labeled "green" or y in Fig. 7 . The other curves plotted in Fig. 7 are the CIE color matching functions "red" or xand "blue" orZ used to define points in the CIE color coordinate system [2, 14, 35] . 
X where Rv/is the photometric response of the system to luminous flux measured in terms of A/lm.
Eliminating /q between eqs. (2) and (3) 
.
•J 
where s^(A) is the spectral responsivity normalized to the value at 555 nm. nowing £'a(A), the correction terms can be calculated for the spectral distribution of various sources. These matters are discussed extensively in the technical literature and will not be reproduced here [2, 36] .
Assuming the luminous flux is uniform over the aperture A, we can write, Ov =E,A, (8) where Ey is the illuminance and conclude that the illuminance responsivity R^j is. R =AR^. In the approximation that the source is a point source the illuminance is related to the luminous intensity by well known inverse square law.
We can write the luminous intensity /y expressed in candela as, IqK ', = j^.
(U)
Keeping in mind that Ryj-was determined by a direct measurement on the DSC utilizing eqs. (6) and (7) [38, 39] . Figure 9 [41] .
An extensive discussion of colorimetry is beyond the scope of this Technical Note. Hence the discussion will be limited to the strategy for measurements based upon detectors. Colorimetry consists of measuring either direct, reflected, or transmitted radiation with sensor systems whose responses are weighted as shown in Fig. 7 . The result is a set of numbers which define a point in a suitably chosen color coordinate space. Detector filter systems can be constructed that give relative responses that are proportional to the curves in Fig. 7 and can be calibrated on the DSC in the same manner as the photometer. In fact the "green" curve in Fig. 7 is the V(X) curve.
Appropriate corrections for errors introduced by differing source spectral distributions and other effects can be determined to provide a strategy to utilize the DSC calibrated detectors to maintain colorimetric measurements. This project is in its early stages at NIST and will be reported on at an appropriate time.
The spectral radiance and irradiance units have traditionally been based upon the use of blackbody sources with temperatures defined in terms of accepted melting or freezing points of materials [4, 5] . The blackbody sources are characterized to ensure their spectral output can be correctly described by Planck's radiation law. Recently Mielenz, et al. determined the freezing point of gold using calibrated detectors to determine the absolute spectral radiance within a selected wavelength band and inferred the temperature by application of Planck's radiation law [42] . Using the ideas developed by Mielenz, et al. NIST has designed a FR based system coupled with a variable temperature blackbody to maintain the units of spectral radiance and irradiance [43, 44] . This realization is based upon concepts associated with the conservation of radiance in a nonabsorbing medium with a constant index of refraction [14, 45] . Figure 10 illustrates the basic geometry and ideas associated with the method employed to determine the irradiance and radiance units. If A\ and A2 are the areas of aperture 1 and aperture 2 respectively, the flux A0 emergent through A2 can be expressed as (14) where L is the radiance of the wide aperture source, d is the distance between the midpoints of the apertures and the 9s are the angles defining the inclination of the apertures with respect to the central ray passing through the midpoints of the area elements [45] . These concepts can be generalized for apertures of an arbitrary size by considering the limit of small areas in eq. ( 14) and summing contributions from the elements of area using integration techniques. In this connotation the areas Ai and A2 become elements of area of larger apertures at the positions indicated in Fig.  10 . Using this idea and letting the elements of area become differentials, the total flux CP exiting aperture A2 can be determined by integrating the radiance over the two apertures,
[W]. (15) In the general circumstance this is a complicated integration because the radiance may vary over the aperture and the distance J is a function of the position on the apertures. Our application provides some simplifying and absolute temperature Tand are given by the well discussed Planck radiation law [45, 48] . Equation (21) can be numerically solved to find a value of temperature that satisfies the conditions of the equation. The accuracy of the temperature determination is directly related to the accuracy of the determination of geometric quantities, the current, and the FR spectral responsivity, s{X). It is important to have the FR characterized over the entire wavelength range of sensitivity of the photodiode or other photo-conversion device to account for any out-of-band problems in the filter used. For example, if the filter has significant infrared leakage and the detector is a silicon photodiode, significant errors can result due to the increasing output of thermal sources in the infrared. These issues have been discussed in the literature [42] [43] [44] . NIST expects temperature to be determined to within 0. 10 K [49] The accurate radiometric determination of the gold point was the first step in establishing the temperature unit based upon absolute detectors [42] . The procedures oudined in Ref [44] and in the solution of eq. (21) 
